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Abstract 
The rat mandibular joint is a ginglymoarthrodial 
joint deeply hidden under the zygomatic process of the 
squamosal bone. This joint was studied by scanning 
electron microscopy (SEM) of microvascular corrosion 
casts in 47 adult rats. Six additional rats were injected 
with India ink and thick sections of the joint area were 
examined by light microscopy. The small size of the 
joint (2.5 mm x 1.5 mm in occlusion), the existence of 
two slit-like joint compartments, the close proximity of 
bones and soft tissues in a mobile structure, and the 
intimate relationships of the joint with adjacent skeletal 
muscles made the vascular mapping difficult. 
Five different technical procedures (protocols) were 
tested. The most satisfactory approach is, briefly, as 
follows: each rat was injected simultaneously via both 
common carotid arteries with 9.5 ml of casting medium 
(Mercox-CL-2B diluted 4: 1 with monomeric methyl 
methacrylate), and with an additional volume of 0.5 ml 
of the same medium after ligation of the external jugular 
veins used for outflow. After polymerization of the 
injected resin, the rats were frozen, and the heads were 
severed and spliced sagittally into two halves. These 
specimens were cut in the transversal (coronal) and 
sagittal planes into small blocks. Each block was then 
cut systematically either in the transversal or parasagittal 
plane running through the joint. Afterwards thick slices 
were macerated in warm (45°C) 15% KOH, rinsed, 
(some were decalcified in 2 % HCl), rinsed again in tap 
water, frozen in distilled water, freeze-dried, mounted, 
dissected, coated and examined under the SEM at 5 kV. 
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Introduction 
The rat mandibular joint (MJ) is a ginglymoarthro-
dial joint hidden under the zygomatic process of the 
squamosal bone. In rodents the mandibular condyloid 
process articulates with the squamosal bone; therefore 
the term "squamosomandibular joint" should be used. 
For convenience and to avoid confusion in the literature, 
usually the simple term "mandibular joint" is used. 
The rat MJ is located cranio-caudally and laterally 
to the molar teeth (Gillbe, 1973). It is covered by the 
lateral pterygoid muscle medially and by the temporalis 
muscle laterally (Fig. 1). The masseter muscle, also 
located laterally, is attached both to the zygomatic arch 
and to the mandible itself. The parotid gland is located 
latero-caudally to the joint on the muscle layer. 
The squamosal bone is a shallow bowl-like bone 
with a widely based, thorn-like zygomatic process di-
rected rostro-ventrally on its lateral aspect (Hebel and 
Stromberg, 1986). 
The mandibular condyloid process (or condyle for 
easy reference) is convex and fusiform. Its rostro-cau-
dal dimension is three times greater than its medio-later-
al extension (Fig. 2). The condyle has a roundish cau-
dal portion much larger than the rostral one which tapers 
off rostro-ventrally. When the molar teeth are in occlu-
sion, the condyle articulates with the caudal portion of 
the squamosal fossa (Hiiemiie and Ardran, 1968). 
An avascular fibrous disk divides the joint into two 
spaces. The biconcave disk is thickened at its periphery, 
and compensates for the lack of congruence of the artic-
ulating surfaces. This morphology of the joint explains 
why the rat MJ is mostly used in two positions: in a ros-
tral position for gnawing, in a caudal position for masti-
cation (Weijs, 1974). 
The small size of the joint (about 2.5 mm x 1.5 mm 
in occlusion), its division into two slit-like compart-
ments, the close proximity of other bones as well as soft 
tissues forming together a mobile structure, the intimate 
relationships of the joint with adjacent skeletal muscles, 
and finally the vascular supply which is derived from 
different sources, raise many problems which apparently 
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interfere with the preparation of microvascular corrosion 
casts suitable for scanning electron microscopic (SEM) 
analysis. This may explain why a detailed description of 
the entire intra-articular microvascular bed and its three-
dimensional arrangement does not yet exist for this syno-
vial joint. Until recently, only Kondoh (1973) used this 
technique to describe the vascular distribution of the syn-
ovial membrane of the dog knee joint. More recently, 
Takagi et al. (1989) and Takagi (1990) gave an account 
on the microvasculature of the temporo-mandibular joint 
of the adult rabbit. Hirose et al. (1991) analyzed the 
microvascular patterns of the articular disk of the tempo-
romandibular joint in the Japanese monkey (Macacafus-
cata) under normal conditions. Hirose (1992) studied 
the effects of experimental malocclusion on the micro-
vascularization of the articular disk in the same species. 
The rat MJ and its components are still waiting for a de-
tailed analysis of the microvasculature by means of SEM 
of vascular corrosion casts. 
The aim of the present paper is to present the tech-
nical procedures used for casting and analyzing the rat 
MJ microvascular bed, and to discuss the difficulties 
which were encountered. The results of our detailed 
study on the microangioarchitecture of the rat MJ which 
were obtained by SEM of microvascular corrosion cast-
ing and comparatively by light microscopy of the India 
ink injected specimens will be the matter of separate 
publications. 
Materials and Methods 
Fifty-seven adult Sprague-Dawley rats of both sexes 
(body weight ranging from 300 to 659 grams) were 
used. Rats were neither infected nor occlusally dis-
turbed. They had been fed dry pellets and received 
water ad libitum. 
All animals were killed by an overdose of diethyl 
ether. After death, they were pinned in supine position 
to a wax-plate, and the neck skin was incised to the mid-
submental region with dissecting scissors, including the 
superficial cervical portion of the platysma muscle. Lat-
eral transverse incisions were made on both sides, in 
line with the laterally stretched upper limbs. The skin 
flaps on both sides were reflected sideways and pinned 
down. Dissection of the common carotid arteries pro-
ceeded with microsurgical instruments under the operat-
ing microscope, using magnifications from 6x to 25x. 
After retracting the superficial glands of the neck, the 
sternornastoid and sternohyoid muscles were separated 
and held with self-retractors, and the omohyoid muscles 
were divided. The common carotid arteries were found, 
and isolated on each side from the internal jugular vein 
and the vagus nerve. A black silk (4/0 or 5/0) ligature 
was placed caudally on each common carotid artery and 
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Figures 1-5 on the facing page. 
Figure 1. Transverse section through the left mandibu-
lar joint as seen from the caudal aspect. Fresh speci-
men. The fibrous disk (small arrows) located between 
the bony structures divides the articular space into two 
compartments. Br: brain, C: condyle, LPM: lateral 
pterygoid muscle, Sq: squamosal bone, TM: temporalis 
muscle. Bar = 1 mm. 
Figure 2. Articulation of the left mandible (Ma) with 
the squamosal bone (Sq). The star marks the slightly 
convex tubercular eminence of the squamosal bone. 
Note the sharp edge of the condylar neck (arrows). C: 
condyle, EAM: external auditory meatus, TBu: tympanic 
bulla. Bar = 10 mm. 
Figure 3. Left aspect of the rat head with the skin 
peeled off. The eye (E) and the external auditory 
meatus (EAM) are well visible. The bold white lines 
indicate the level of transverse sections by which the 
tissue blocks encompassing the mandibular joint were 
excised for light microscopy (8 µm sections, 200 µm 
sections of India-ink injected specimens) and scanning 
electron microscopy of vascular casts. The thin white 
lines indicate the orientation of transverse sections made 
from paraplast embedded specimens. fn: branches of 
the facial nerve, MM: masseter muscle, TM: temporalis 
muscle. Bar = 10 mm. 
Figure 4. Ventral surface of the rat head with the skin 
peeled off. The bold white lines indicate the orientation 
of cuttings (one midsagittal section, two transverse sec-
tions) by which the tissue blocks encompassing the man-
dibular joint were excised for light microscopy (8 µm 
sections, 200 µm sections of India-ink injected speci-
mens) and scanning electron microscopy of vascular 
casts. The thin white lines indicate the orientation of 
parasagittal sections made from paraplast embedded tis-
sue blocks. fn: branch of the facial nerve, MM: masse-
ter muscle, SMM sternomastoid muscle, To tongue. 
Bar= 10 mm. 
Figure S. Transverse section through the caudal area of 
the mandibular joint. Paraplast embedded specimen. 
Hematoxylin-eosine staining. Note the large rounded 
condylar head (C) with medial and caudal "lips" (ar-
rows). The disk (Di) has a thin central portion (arrow-
heads) and a thickened periphery. The disk attachments 
are medially to the lateral pterygoid muscle (LPM) and 
laterally to loose connective tissue. ljs: lower joint 
space, Ir: lateral recess of the upper joint space (ujs), 
rnr: medial recess of the upper joint space, Sq: squamo-
sal bone, TM: temporalis muscle. Bar = 0.5 mm. 
Corrosion casting the rat mandibular joint 
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tied. Another similar ligature was placed more cranial-
ly, and left loose until cannulation of the artery. A liga-
ture was also placed bilaterally on the external jugular 
veins, between the outflow site and the heart. These 
ligatures were tied when the rinsing started, before 
transsecting the veins to allow blood washout. To create 
venous back-pressure and to prevent undue outflow of 
plastic, a second ligature was placed on the external 
jugular veins above the site of outflow, and tied near 
completion of the resin injection, allowing a final vol-
ume of 0.5 ml resin to be injected without venous out-
flow, and ensuring complete filling of the vessels. 
After positioning of the loose cranial ligatures, the 
common carotid arteries were incised obliquely and a 
PVC tubing (outer diameter: 1 mm; inner diameter: 0.8 
mm) was inserted bilaterally and secured inside the ar-
teries by tightening the cranial ligatures. The PVC tub-
ing was connected via a two-way injection line (LS-2-
Verbinder, Luer-Lock, B-Braun, Melsungen, FRG) with 
a 20 ml Omnifix syringe (Luer-Lock, B-Braun, Melsun-
gen, FRG) filled with heparinized (1000 IU/1) 0.15 M 
NaCl. Prior and during the actual insertion of the PVC 
tubings, the syringes were kept mounted on an infusion 
pump PSA 50 (Sky Electronics, Grenoble, France) 
which provided a continuous flow (rate: 60 to 80 ml/h) 
and prevented the introduction of air bubbles into the 
circulatory system during the cannulation procedure. 
After arterial cannulation, the external jugular veins 
were incised at the base of the neck, and the rinsing pro-
ceeded manually. Pallor of nose and tongue, as well as 
dilution of the efferent blood were monitored during the 
injection of saline. No particular attention was paid to 
the duration of the rinsing which, in no case, did exceed 
two minutes. 
After rinsing, two 10 ml Omnifix syringes were 
loaded each with 8 ml of Mercox-CL-2B (Dainippon Ink 
and Chemicals Inc., Tokyo, Japan) and 2 ml of mono-
meric methyl methacrylate (Fluka Chemicals, Buchs, 
Switzerland) containing 0.125 grams of initiator (paste 
MA)(for further details on the procedure, see Aharinejad 
and Lametschwandtner, 1992), and the resin was inject-
ed bilaterally under manual pressure within 8 minutes. 
The last 0.5 ml of resin were injected after tightening of 
the cranially located ligatures on the external jugular 
veins (see above). Filling was monitored by the colora-
tion of the eye choroid, nose and tongue. 
The injected animals were left on the wax plate for 
at least 30 minutes (20°C). After cutting of the injection 
tubings, the heads were severed, either directly above 
the clavicle with scissors and bone cutter or later on, 
after freezing of the whole animal, with a band-saw. 
The injected specimens, i.e., the severed heads, 
were processed according to one of the following five 
protocols: 
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Protocol #1: In twelve rats, the heads were sev-
ered, frozen at -25°C, and then sawed in the rnidsagittal 
plane with a carpenter's band-saw. The halves were 
thawed, and macerated for 24 hours in 15 % KOH 
(45°C), rinsed in tap water, frozen in distilled water, 
and finally freeze-dried. 
Protocol #2: The heads of four rats were processed 
as described in protocol #1, with the only exception that, 
after maceration and rinsing, a decalcification with 2 % 
HCI (20°C) was performed for 24 hours. 
Protocol #3: In four rats, the skin was removed 
from injected heads and then specimens were processed 
as described in protocol #1. 
Protocol #4: Twelve rats were frozen at -25°C and 
decapitated with the band-saw. Subsequently, the frozen 
heads were cut sagittally and the halves obtained were 
thawed in distilled water. The head-halves were placed 
on their section plane, and non-relevant injected tissue 
overlying the joint was removed. Then the specimens 
were frozen again at -25°C. Thereafter, tissue-blocks 
containing the mandibular joint were trimmed using the 
band-saw. After thawing, the blocks were macerated 
and processed as described in protocol #1 or #2. 
Protocol #5: In fifteen animals, frozen heads were 
cut by a sagittal section into halves. In the right. half, 
two transverse sections were then made. The first sec-
tion was placed 2-3 mm rostrally to the external auditory 
meatus and exposed the joint (Fig. 3), the second one 
was placed 3-4 mm in front of the first section and thus 
was approximately 6 mm in front of the external audito-
ry meatus. In the left half, first a paramedian section 
was made 7 mm lateral to the sagittal plane and the joint 
was exposed (Fig. 4). For the sagittally exposed joint, 
two further transverse sections placed rostrally and cau-
dally to the joint reduced the size of the tissue-block 
containing the joint area. Tissue-blocks were then proc-
essed as described either in protocol #1 or protocol #2. 
Casts were dried in a Lyovac GT 2 (Leybold-
Heraeus, Koln, FRG) and mounted onto specimen stubs 
by the "conductive bridge" method (Lametschwandtner 
et al., 1980). Specimens were then first evaporated with 
carbon and gold and then sputtered with gold (thickness 
of conductive layer: 6 nm). All specimens were exam-
ined with a Stereoscan 250 (Cambridge Instruments Co. 
Ltd., UK) operated at an accelerating voltage of 5 kV. 
After a first inspection under the SEM, bony struc-
tures of non-decalcified specimens or non-relevant vas-
cular layers which obscured the vascular patterns of 
interest were usually carefully removed and/or dissected 
away under the dissecting microscope (magnification up 
to x70) with a fine forceps or fine sharpened insect 
needles (No. 00). Dissected casts were again sputtered 
with gold and thoroughly re-examined in the SEM. If 
needed, the procedure was repeated several times. 
Corrosion casting the rat mandibular joint 
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Figure 6. Transverse section through the retrodiscal 
pad (RDP). India-ink injected specimen. C: condyle, 
CBZ: caudal bilaminar zone, cdtv: caudal deep temporal 
vein, LPM: lateral pterygoid muscle, TM: temporalis 
muscle. Bar = 0.5 mm. 
Figure 7. Transverse section caudally through the bi-
laminar zone (CBZ). Vascular corrosion cast gained by 
protocol #5. C: space left by the condyle, cdtv: caudal 
deep temporal vein, LPM: lateral pterygoid muscle, 
RDP: retrodiscal pad, TM: temporalis muscle. Bar = 
1 mm. 
Figure 8. Transverse section caudally through the man-
dibular joint. Vascular corrosion cast gained by protocol 
#5. Note the retrodiscal pad (RDP) which bulges into 
the large upper joint space (ujs) and overhangs the cau-
dal bilaminar zone (CBZ). C: space left by the condyle. 
The large upper joint space indicates that the mandible 
was not in occlusion when the vascular casting was 
done. Bar = 0.5 mm. 
Figure 9. Transverse section through the right mandib-
ular joint as seen from the rostral aspect. Fresh speci-
men. The condyle (C) is distracted rostro-ventrally 
(arrow) to reveal the upper joint space (ujs) and the 
retrodiscal pad (RDP). Br: brain, LPM: lateral ptery-
goid muscle, TM: temporalis muscle. Bar = 1 mm. 
For a few specimens, a specially made specimen 
stage was used which enabled to rotate the specimen 
around its horizontal axis (for details, see Aharinejad 
and Lametschwandtner, 1992). To elucidate specific 
spatial vascular configurations within the joint compart-
ments, stereomicrographs were taken with a tilting angle 
ranging from 12 ° to 17 ° between stereopairs. 
To corroborate findings, fresh sections of joints (2 
rats) were prepared (see Figs. 1 and 5-9); as well as thin 
histological sections (10 µm) stained with hematoxylin 
and eosin (Fig. 5; 2 rats) and cleared thick sections (200 
µm) of 6 rats injected with India ink (Fig. 6). 
Results 
All forty-seven rats were successfully cannulated. 
40 ml of warmed (37°C) heparinized 0.9 % sodium chlo-
ride (0.15 M) resulted in a clear reflux from the opened 
extemaljugularveins. Ten ml ofMercox-CL-2B inject-
ed simultaneously into each common carotid artery were 
sufficient to cast the rat MJ. Interesting! y, however, 
only those specimens had a good intra-articular filling of 
the vasculature (particularly of the synovial membranes) 
which had large extravasations in the skeletal muscles 
surrounding the joint. 
434 
Figure 10. Microvascular patterns of the medial aspect 
of the retrodiscal pad. Vascular corrosion cast gained 
by protocol #5. Note the cascading capillary networks 
of the synovial folds. Bar = 200 µm. 
The exposure of the joint area in cast specimens 
without loosing topographical information and/or de-
stroying the microangioarchitecture of the joint compart-
ments was successful only if protocol #5 was used. 
In protocol #1, where we decided to expose the joint 
area by dissection via a lateral route in dry, undecalci-
fied vascular casts of head-halves, the joint microvascu-
lar bed was destroyed. Removal of large vessels, partic-
ularly veins, which overlay the joint area always resulted 
in the fine capillaries within the joint area being broken. 
Furthermore, casts were too large and heavy charging 
occurred when the specimens were examined with the 
SEM. Decalcification (protocol #2) had no positive ef-
fect on the outcome of joint area exposure; the lack of 
bony landmarks made it virtually impossible to reach 
and identify the vessels of the rat MJ, even though the 
empty spaces left after removal of bones theoretically 
could have provided topographical information. 
Removal of the skin prior to maceration (protocol 
#3) resulted in breaking and loss of vessels overlying the 
Corrosion casting the rat mandibular joint 
JOmt area. The same occurred when defrosted cast spec-
imens were used (protocol #4). These preparations, to-
gether with those from protocol #1, allowed to clarify 
gross arterial and venous patterns of the MJ area. 
Specimens prepared according to protocol #5 had 
the MJ region exposed for SEM inspection and the intra-
articular microvascular bed was intact. Because of the 
small size of the rat MJ (2.5 mm x 1.5 mm), cutting 
with the 1 mm thick blade of the band saw, inevitably 
resulted in the loss of either the lateral or the medial 
recess in paramedian sections. In transverse sections, 
either the rostral or the caudal bilaminar zone was lost 
partially. Nevertheless, the areas missing in paramedial-
ly sectioned specimens could be studied thoroughly in 
transverse sections and vice versa. 
In the specimens prepared according to protocol #5 
rostral and caudal synovial membranes together with the 
villi protruding from the membranes were entirely repli-
cated (Fig. 8) and their microvascular patterns could be 
studied in detail. The microvascular bed of the retro-
discal pad, a prominent structure at the cranio-caudal as-
pect of the upper joint space, was cast well as a compar-
ison with India-ink injected specimens (Fig. 6) confirms 
(Figs. 7, 8 and 10). Moreover, vascular relations be-
tween all components of the MJ could be traced. A 
thorough analysis of the rat entire MJ microvascular bed 
will be published elsewhere. 
Cast areas close to avascular joint spaces were gen-
erally prone to severe charging. This was overcome by 
connecting charging areas with non-charging parts of the 
cast by minute "conductive bridges" made from hair or 
11/0 metrical microsurgical suture material (18-25 µm 
in diameter) painted with colloidal silver for good elec-
trical conductivity (Lametschwandtner et al., 1980). 
Moreover, the combination of evaporation of specimens 
with carbon and gold followed by sputtering with gold 
further reduced charging of specimens. The thickness 
of the conductive layer deposited onto casts did not im-
pair the useful resolution of the scanning electron 
microscope operated at 5 kV. 
Discussion 
Microvascular corrosion casting has become a suita-
ble method to study the three-dimensional arrangement 
of blood vessels with the scanning electron microscope 
(for overviews, see Aharinejad and Lametschwandtner, 
1992; Motta et al., 1992). Although the microvascular 
bed of many tissues and organs has been analyzed by 
this technique, only the microvascular beds of the syno-
vial membranes of the dog's knee (Kondoh 1973), and 
of the temporomandibular joint of the rabbit (Takagi et 
al. 1989, Takagi 1990) and the Japanese monkey (Maca-
ca fuscata) (Hirose et al., 1991, Hirose, 1992) have 
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been studied. These studies analyze single joint com-
partments, but do not give a description of the entire 
microvascular bed. 
The present study clearly shows that the microangio-
architecture of a small area (2.5 mm x 1.5 mm) located 
in the depth of a cast specimen can be exposed for SEM 
inspection if a reliable external landmark is available and 
the cutting of the specimen is done properly. Frozen 
specimens facilitate a controlled cutting. 
The presence of heavy extravasations in soft tissues, 
particularly in the skeletal muscles adjacent to the joint 
area, which paralleled good castings of the intra-articular 
vessels, convincingly demonstrates that, in vascular cor-
rosion casts, areas with heavy extravasations may lie 
close beside areas with no or little extravasations. From 
this we may conclude that one cannot make a general 
suggestion whether a particular injection route will be 
more successful than another one unless a particular 
target (organ, tissue) is concerned. 
Ligation of the venous outflow pathways (external 
jugular veins) before a final infusion of 0.5 ml resin into 
each common carotid artery was performed to create a 
venous back-pressure. It was thought that this back-
pressure would ease perfusion and casting of the deli-
cate, highly resistant microvascular bed of the MJ. We 
consider this back-pressure (which quite obviously led to 
the heavy extravasations found in the skeletal muscles 
adjacent to the MJ) essential to get excellent castings of 
the rat mandibular joint microvascular bed. 
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Discussion with Reviewers 
P. Bock: Heparinized saline is used for washing the 
vascular bed after the animals had been brought to death 
and prepared for vascular injection without hepariniza-
tion. Wouldn't heparinization of the animals before 
killing make more sense? 
R. Christofferson: Intravascular coagulation is rapid in 
the rat and is likely to impair casting. Why did you kill 
the animals prior to surgery without administering any 
coagulant? 
Authors: Generally, we also do heparinization before 
killing of the animal. In this study we omitted it be-
cause exposure, cannulation and rinsing of the common 
carotid arteries of the animals altogether occurred within 
few minutes. Because minimal blood clotting occurred 
in pilot castings, we refrained from injection of heparin 
throughout the study. 
P. Bock : I miss tempering of the injected specimens, 
as is usually done for 12 hours at 60°C. Please com-
ment! 
A. Miodonski: You have left the injected animals 
untouched for at least 30 minutes at room temperature 
(20°C) before you have frozen the whole animals. As 
a rule specimens injected with undiluted and especially 
with diluted Mercox are placed for 12 hours into hot 
water (60°C) for tempering. Such a treatment supplies 
energy to the specimen and promotes and finalizes resin 
polymerization. Please, explain why you did omit this 
step in your procedure! 
Authors: Generally, we temper injected specimens. 
Because of lack of time (Dr. Piette could spend only a 
few days in Salzburg to do the castings), we omitted 
tempering and risked contamination of the scanning 
electron microscope column when examining untempered 
casts under the electron beam. We could not find any 
other shortcoming(s) of non-tempered casts. 
P. Bock: You did not refer on the exact position of the 
mandibular joint during casting (closed-intermediate-
open). Figure 4 suggests an intermediate position. As 
synovial villi and venous plexuses compensate for vol-
ume changes during articulation, the actual position of 
the joint may significantly influence the shape of cast 
vessels as well as conditions of casting. 
Authors: Casting was done with the animals in a supine 
position. In this position, gravity puts the mandible in 
occlusion. Thus the mouth is closed. Fig. 4 represents 
a fresh specimen with the skin peeled off. No attention 
was paid to the position of the mandible in this 
specimen. We agree that the position of the mandibular 
joint may influence the shape of cast vessels, but Figures 
7, 8 and IO demonstrate that the microvascular bed of 
the mandibular joint can be cast entirely if the joint is in 
an intermediate position. 
P. Bock: You emphasized injection of additional resin 
after ligation of venous outflow as an essential point of 
your casting protocol. The amount of resin injected 
after ligation of venous outflow was 5 % of the total 
casting medium prepared (20 ml). I assume that this 
amount of resin is less than 10% of the vascular volume 
casted, since only small amounts of resin remain in the 
injection equipment and about half of the casting resin 
had flowed out before ligation of the veins. As venous 
outflow is blocked, I suppose that the small amount of 
additional resin slightly dilates those vessels already 
filled with casting material rather than to drive out fluid 
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from hitherto uncast vascular segments. In order to 
complete vascular casting, extension of perfusion time 
with casting resin at constant pressure (open venous 
outflow) should be more advantageous. 
Authors: The working time of our resin mixture was 
approximately 10 minutes. The injection of9.5 ml resin 
from each syringe was done over a period of 8 minutes. 
Then the ligatures around the effluent pathways (external 
jugular veins) were tied, and the remaining 0.5 ml of 
resin of both syringes were injected over the next two 
minutes. We assume that the viscosity of this final 
volume (a total of 1 ml) increased and we conclude that 
the higher viscous resin has more likely driven out fluid 
from hitherto uncast vascular segments than it dilated 
cast vessels. The resistance to ballooning of vessels 
already filled with resin will be higher than that in fluid 
(rinsing solution) filled vascular segments. 
R. Christofferson: In my experience, ligation of the 
venous outflow results in extravasations and excessive 
dilation on the venous side of the microcirculation. One 
alternative to ligation of the venous outflow during 
casting, is to let the casting medium set during infu-
sion/injection. According to your description (dilution 
with methyl methacrylate monomer and a rather low 
amount of accelerator), your casting medium should 
have a rather long working life, perhaps 10-15 minutes. 
Have you tried increasing the amount of accelerator and 
let the casting medium set during injection? 
Authors: Since the working time of the mixture used 
was 10 minutes, it may be assumed that within the 8 
minutes during which the initial 9,5 ml of resin of each 
syringe were infused the resin viscosity already in-
creased. The injection of the final 0.5 ml of resin from 
both syringes was done within another 2 minutes. From 
the working time and the notion that the syringes became 
hot at the end of the injection, we think that the injection 
was finished with or near the onset of curing of the 
injected resin. We did not increase the amount of 
accelerator, because pilot injections revealed a working 
time of 10 minutes as optimal for casting the mandibular 
joint microvascular bed. 
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R. Christofferson: Was the blood wash-out successful 
in all animals? If not, why did you not increase the 
volume infused? 20 ml (at maximum) is in my experi-
ence not sufficient for removal of blood from a rat's 
head (Grabowski et al., 1992, Neuroscience 51, 673-
682). 
Authors: A total of 40 ml rinsing solution was used. 
As there was a clear reflux from the opened external 
jugular veins, we considered this volume as sufficient to 
empty the circulatory system of the rat's head. 
R. ChristofTerson: Was ocular appreciation of the 
success of casting preoperatively (a blue coloration of 
the iris, nose, and tongue) correlated to the completeness 
(whatever that is, perhaps "retainment of gross anatomi-
cal outline"?) of the corroded casts? 
Authors: In most castings, coloration of the iris, nose 
and tongue was a good indication of the "completeness 
of the corroded specimens". 
R. Christofferson: Methyl methacrylate casts are 
extremely brittle, and some of my best casts have been 
pulverized when I accidentally dropped the stub. Takuro 
Murakami, the old and wise nestor of vascular casting, 
has suggested the addition of 30-50% hydroxy-propyl 
methyl methacrylate to the casting medium for rendering 
casts more pliable (Murakami, 1975, Arch. Histol. Jap. 
2, 151-168). I have tried this successfully. Do you not 
think such a composition would facilitate sectioning and 
microdissection? 
Authors: We agree that Murakami's plastic might 
minimize breakage of vessels during sectioning, but for 
microdissection with fine insect needles to remove 
individual capillaries, we find pliable casts less suitable 
than brittle casts. Brittle vessels can be broken much 
easier and breakage can be controlled more exactly than 
can be done with pliable casts. 
